Bakyrchik and Bolshevik both are sediment-hosted disseminated gold deposits. They are located in Eastern Kazakhstan (4 km in distance between deposits) and include in the Western Qalba metallogenic zone. They originated in late Paleozoic age along structured line between palaeocontinents of Kazakhstan and Altai-Mongol.
Introduction
The deposits of Bakyrchik and Bolshevik have total gold reserves 207 tones and inferred resources 88 tones, with average grade 6.8 g/t. (Evgeny et al. 2017) . Their location is near village of Auezov, Zharma district in Northern East Kazakhstan, 110 km Southeast of the Semey city and 750 km east of the capital city of Astana (Fig.1) . The deposits have goldbearing sulfide black-shale rocks and are controlled by NW-and W-E-striking faults (Kovalev et al. 2011) . The gold-containing sulfide ore minerals belong into the Bukon suite for the Middle Carboniferous Bakyrchik deposit (Umarbekova et al. 2017 ) and into Bakyrchik suite for Upper Carboniferous Bolshevik deposit. Their gold mineralization is hosted within sheared carbonaceous sediments in the fault zones (Seitkan and Simon 2016) . The main gold-bearing minerals are pyrite and arsenopyrite in both the deposits.
The geologic and structural setting of deposits
The most well-defined ore districts the West Qalba gold province are Bakyrchik and Semey. The Bakyrchik ore district includes gold-sulfide mineralization belonging to different associations concentrated in an area of ~3500 sq. km. The gold-sulfide mineralization, which includes the Bakyrchik and Bolshevik deposits, are controlled by the Kyzyl EW shear zone at its conjugation with the West Qalba and Northwestern regional reverse fault (Figs 2 and 3) (Kovalev et al. 2014) . Ore mineralization along the Kyzyl shear zone from west to east and dipping to the North at [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] 0 . The zone bounded by the West Qalba deep fault in the west and by the Northeastern deep fault in the East having 17 km length, 10 to 250 m width. According to seismic data, the zone is traced down to a depth of 1-6 km.
Bakyrchik deposit
The ore formation is multiple conversions of syngenetic-sedimentogenic gold-bearing materials in near-fault dislocation. It is related to mineralized zone of gold-sulfide type (Umarbekova et al. 2017) . All occurrences of the gold-bearing mineralization are concentrated within the Kyzyl thrust zone are intensely boudinaged and schistose host rocks. Carbonate and volcanogenic shales form the lower part of the stratigraphic sequence, which includes a 1500 m thick lower Carboniferous volcanoclastic sandstone containing lenses and interlayers of gritstone, conglomerate and carbonaceous-cherty siltstones. The upper part of this sequence consists of a 600-800 m thick sandstone unit with layers of carbonaceous siltstones, shales and a basal horizon of sedimentary breccia and conglomerate. Four stages of ore generation are detected at the well-studied Bakyrchik deposit (Kovalev et al. 2014) : (1) preore silicification, carbonatization, sericitization, and graphitization of carbonaceous terrigenous rocks; (2) early ore stage connected with quartz, sericite and goldbearing arsenopyrite and pyrite; (3) polymetallic stage, during which pyrite, sphalerite, chalcopyrite, galena, grey copper ore, and native gold were accumulated; and (4) quartz-antimonite stage with quartz, marcasite, jamesonite, enargite. The gold has ultra-fine microscopic forms such as ionic and colloidal (Rafaylovich et al. 2011) . The gold mineralization is localized in thin-rhythmically laminated marl, siltstones, felsic tuffs and sandstone (Fig.4) . The highest amount of goldbearing arsenopyrite and pyrite is localized in siltstones. The total sulphide content of the ore varies from 0.5% to 10% (Seitkan and Simon 2016) .
There are three morphogenetic various pyrites such as (1) sedimentary-digenetic globular (no gold-containing); (2) cubic form (gold-containing) recrystallized from globular pyrite in circumstances of high pressure and temperature and (3) pentagon dodecahedral pyrite (high gold-containing) which associates with arsenopyrite. Pyrite concentrates in chemogenic-terrigenous sediments of siliceous-argillaceous, calcareous and marl compositions (Rafaylovich et al. 2011) . The arsenopyrite was formed under the condition of metagenesis and dynamo-metamorphism (Kovalev et al. 2011) . The arsenopyrite content is 0.3-1.5 % in the ore (Umarbekova et al. 2017) . Gold grades in arsenical pyrite (1.6-5.6% of As) can reach 60 ppm and in arsenopyrite -150 ppm and more (Levitan 2008) .
Bolshevik deposit
The ores of the Bolshevik deposit occur in intricately dislocated Middle Carboniferous carbonaceous silty clays, sandstones, gravelstones of turbidite structure (Fig.5) . Gently pitching subconcordant orebodies are 4-5 m thick, and stretch from west to east for several hundred meters, dipping for 600 m. Ores with an average gold content of 5-7 ppm are formed by disseminated sulfide and quartzvein mineralization accompanied by silicification, sericitization, and carbonatization. Sulfides in the ores amount to 2-13%; locally their content reaches 30-40%. There are also disseminated, relict-layered, and massive ores at the deposit. The main types of the ores are disseminated and brecciated mineralized rocks with finely dispersed goldbearing pyrite and arsenopyrite. The relictlayered mineralized rocks contain layeredlenticular segregations of syngenetic pyrite and siderite with superposed layered arsenopyrite mineralization. The massive mineralized rocks are metasomatic Fe-Mg carbonates with nestveinlet quartz-polysulfide mineralization. Their sulfides are sphalerite, chalcopyrite, galena, Sb-As-fahlore, Fe-Ni-Co-sulfoarsenides, and more seldom, cinnabar (Kovalev et al. 2011) . The deposit represents tectonites with a veinstockwork silicification in the zones of graphitization with pyrite and arsenopyrite sulfide mineralization(Antonov 2011). The pyrite mineral of this deposit has three varieties: they are globular pyrite (early syngenetic), widespread pentahedral pyrite associated with arsenopyrite and hexahedral pyrite associated with sphalerite, galena and chalcopyrite (Antonov 2011). Acicularprismatic arsenopyrite occurs in disseminated ores; its fine crystals (few to hundreds of microns in width) form occasional or cluster disseminations in sericitized carbonaceous siltstones and sandstones. Sometimes, the arsenopyrite occurs concordant with layered syngenetic pyrite. The core of these aggregates is usually composed of globular and finecrystalline pyrite overgrown by coarsergrained As-containing pyrite, which is, in turn, overgrown by acicular arsenopyrite (Kovalev et al. 2011 ).
Materials and methods
Arsenopyrite and pyrite are the main ore minerals in the studied deposits. They occur in various paragenesis and show different morphology and chemical compositions. Morphogenetic forms of pyrite and arsenopyrite crystals in the deposits are rather similar, but there are differences in shape, size and chemical concentrations. Two morphologic varieties of arsenopyrite are recognized in mineralized rock specimens: early acicular-prismatic and late tabular in both the deposits (Kovalev et al. 2011) .
Gold-bearing pyrite and arsenopyrite are concentrated in or near joints and fractures, and diminish away from these structural planes. Larger strain intensity has produced more joints and fractures with resultant strong mineralization and higher gold grade (Zhiping and Stephen 1989) . Low temperature arsenopyrite is mostly acicular and prismatic in form (He et al. 1993 ). Such arsenopyrite is characterized by high arsenic and sulfur, quite , 5-sandstones, 6-siltstone and shale, 7-interbedded siltstone and sandstone, 8-tectonites, 9-mylonite, 10-medium silicification (quartz 10%-30%); 11-intensive silicification and quartz vein (quartz more 30%); 12-faults; 13-counter of quarry; 14-exploration well.
different from high-temperature arsenopyrite which is rich arsenic and depleted in sulfur (Shao et al. 1982) . The gold-bearing arsenopyrite indicated that gold content increased with increasing As and decreasing Fe content in the pyrite grains (Wu et al. 1989 ).
Because gold is present in a metal state, it is possible that gold may substitute for Fe in the lattice of arsenopyrite (Wu et al.1989 ).
The main analytical works focus on determination of typomorphic features and elemental compositions of sulfide crystal grain 
Result and Discussion
All micrographs are presented in Figs 7-9.
The first specimen or "A" has acicularprismatic form (approximately to 1.4 mm in length and width less 0.2 mm in the Fig.9 ), having high sulfur and lower arsenic composition and the other one with tabular twin shape (diagonal size is 1.2 mm). These morphogenetic forms were determined in large quantity in sericitized carbonaceous siltstone (the sample of "A"). Additionally, more amount of acicular-prismatic arsenopyrite associates with hexahedral pyrite crystals which is related to Bakyrchik deposit, whereas other tabular arsenopyrite associates (from the sample of "C") with cubic (pentahedral) pyrite crystals which are belong to Bolshevik deposit (Fig.8) . The tabular arsenopyrite in the sample "C" is smaller size: in the length 0.01 mm and 0.008 mm in the width (Fig.8) . This shape of arsenopyrite crystal is not twinned like in the samples of Bakyrchik. The acicular-prismatic form of arsenopyrite in sample of Bolshevik (the sample "C") is too small size in length 0.08 mm and in width 0.01 mm (Fig.8) .
The pyrite textures appear in three various forms (Fig.7) which were found under microscope in several polished samples from the three specimens. Especially, their distributions are connected to sample "B" which is a carbonaceous siltstone rock with polymetals. The first textural type of pyrite is framboidal aggregate and its size is mostly more than 50 μm in sample, appearing in sericitized carbonaceous siltstones (Fig.7) . Another two forms are pentahedral and hexahedral pyrite crystals. Hexahedral pyrite crystal is found in sample of "B" and pentagonal spreads in composition of rock sample of "A" in the deposit of Bakyrchik.
There are two pyrite crystal forms in the sample of "C" in Bolshevik, having globular and cubic crystals. The diameter of globular pyrite crystals are 0.25 mm and cubic crystal is 0.02-0.04 mm. The cubic crystal associates with tabular arsenopyrite (Fig.8) .
Quantitative analysis of elemental concentration was done by indication of points in interesting arsenopyrite and pyrite grains of the samples. 15 points were indicated in acicular-prismatic and 15 points in tabular forms for the sample "A". The pyrite pentahedral crystal has 10 points and combination two forms of acicular arsenopyrite and pentahedral pyrite crystals have 6 points which are both related to the samples "A". The sample "B" has 9 points in the shape of hexahedral pyrite crystal. In the sample "C" of Bolshevik also several points was measured on the surface of interesting crystal forms of sulfide minerals: there are 5 points in tabular form of arsenopyrite, 3 points in cubic pyrite crystal grain and for acicularprismatic crystal form of arsenopyrite 4 points. The iron and arsenic elements have stable concentrations. Other elements are absent and no gold inclusions are found in sulfide crystals (Fig.9 ).
Arsenopyrite and pyrite (As-bearing pyrite, As 0.97-4.86 wt%, Tab.3) are the main goldcontaining minerals in the studied deposits of Bakyrchik and Bolshevik. Two morphologic varieties of arsenopyrite are recognized in mineralized rocks: acicular-prismatic and tabular for both deposits. Three pyrite crystal forms are hexahedral, cubic and globular associated with deposits. They differ in chemical composition the set of impurity elements, similar in mineralogical composition, and no gold content in the samples of the deposits. The acicular-prismatic arsenopyrite and globular pyrite occur in mineralized rocks produced at the early ore formation stage in the deposits, both as disseminated mineralization and densely without a special equipment, and required further investigation for gold inclusions within sulfide minerals.
Conclusion
During the optical investigation of textures of sulfide minerals were shown the textures (Fig.10) for arsenopyrite are acicular-prismatic and tabular, textures for pyrite are globular, hexahedral and pentahedral forms in the deposits (Fig.10) . Each ones have individual interests in textures and chemical concentrations for gold inclusions in arsenopyrite and pyrite minerals. No gold inclusions have found in the samples of "A" "B" and "C" in the studied deposit by optical microscope and scanning electron microprobe. Therefore, the ore materials of the deposits of Bakyrchik and Bolshevik from the point of view gold prospecting is rather complex, they have double persistence in arsenopyrite (like a toxic arsenic element) and disseminated gold in colloidal size. Relatively, in this case it requires additional highly sensitive equipment and reliable methods for indication of gold presence in the samples.
